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Abstract

Purpose 1.7 billion children lack access to surgical care, particularly in low- and middle-income countries (LMIC). The
pediatric surgical workforce density (PSWD), an indicator of surgical access, correlates with survival of complex pediatric
surgical problems. To determine if PSWD also correlates with population-level health outcomes for children, we compared
PSWD with pediatric-specific mortality rates and determined the PSWD associated with improved survival.

Methods Using medical licensing registries, pediatric surgeons practicing in 26 countries between 2015 and 2019 were
identified. Countries’ PSWD was calculated as the ratio of pediatric surgeons per 100,000 children. The correlation between
neonatal, infant and under 5 mortality rates and PSWD was assessed using Spearman’s correlations and piecewise linear
regression models.

Results Four LIC, eight L-MIC, ten UMIC and four HIC countries, containing 420 million children, were analyzed. The
median PSWD by income group was 0.03 (LIC), 0.12 (L-MIC), 1.34 (UMIC) and 2.13 (HIC). PSWD strongly correlated
with neonatal (0.78, p <0.001), infant (0.82, p <0.001) and under 5 (0.83, p <0.001) mortality rates. Survival improved with
increasing PSWD to a threshold of 0.37.

Conclusion PSWD correlates with pediatric population mortality rates, with significant improvements in survival with
PSWD > 0.37. Currently, PSWD in LMICs is inadequate to meet UN Sustainable Development Goal 3.2 for child mortality.

Keywords Workforce density - Pediatric surgery - Childhood mortality - National surgical planning

Introduction

Despite major improvements in childhood survival in low-
and middle-income countries (LMICs), the 2015 Millen-
nium Developmental Goals for neonatal, infant, and child
mortality were not met, thus prompting inclusion in the
United Nation’s Sustainable Developmental Goal (SDG)
3.2: to end preventable deaths of children under 5 years of
age by 2030 [1]. Surgery is now unanimously recognized
as an essential component of universal health coverage
by the 2015 World Health Assembly; access to pediatric
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surgical services, specifically, is critical to effectively care
for congenital conditions and trauma, which disproportion-
ately affect children in LMICs and contribute to prevent-
able morbidity and mortality [2, 3]. With nearly one-fifth of
surgical disability-adjusted life-years (DALYs) caused by
congenital or perinatal conditions and the known lack of
surgical access in LMICs, access to pediatric surgical care
remains paramount [4]. However, an estimated 1.7 billion
children worldwide lack access to surgical care, including
1.1 billion in low- and middle-income countries (LMICs)
where children comprise nearly 50% of the population [5, 6].

Among other indicators of surgical access, the Lan-
cet Commission on Global Surgery (LCoGS) identified
the density of surgical providers as a marker of sufficient
workforce capacity [7]. The LCoGS demonstrated a strong
correlation between surgical workforce density and adult
population health outcomes, specifically maternal mortal-
ity rate, with a critical threshold of 20 surgical providers
per 100,000 people correlating with significant reductions
in mortality [7]. This threshold has served as a benchmark
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for surgical access and a target for national surgical plan-
ning for scale-up of the surgical workforce in LMICs.
While it is well recognized that specific pediatric surgery
workforce goals are needed for national strategic planning
to improve pediatric care, none currently exist [5, 8].

Specialist pediatric surgeons are needed for treatment
of congenital and complex pediatric problems, thus the
pediatric surgical workforce density (PSWD) is an impor-
tant indicator of access to comprehensive pediatric care
[9]. Outcomes for specific pediatric surgical conditions
in LMICs correlate with PSWD as evidenced by a recent
systematic review demonstrating that a PSWD of 0.4 per
100,000 children significantly correlated with increased
odds of survival in gastroschisis, esophageal atresia, intes-
tinal atresia, and typhoid perforation [9].

While it makes sense that outcomes from surgical con-
ditions correlate with PSWD, it is unknown if PSWD cor-
relates with pediatric-specific population mortality rates.
Therefore, we aimed (1) to assess for a correlation between
PSWD and neonatal, infant, and under 5 childhood mortal-
ity rates and (2) to identify the critical PSWD threshold
associated with significant mortality reduction for national
strategic surgical planning.

Methods
Study design and data sources

We conducted a retrospective, cross-sectional study of
pediatric surgeons’ workforce density (PSWD) using pub-
licly available medical licensing registries and the WHO
Global Surgical Workforce Database [10]. Only countries
with publicly available data on the subspecialty classifica-
tion of physicians were included. A convenience sample
of 26 geographically and economically diverse countries
between 2015 and 2018 was identified.

Countries included in the analysis were classified by
the World Bank income brackets including low income
(LIC), lower-middle income (L-MIC), upper-middle
income (UMIC) and high income (HIC). For each country,
the most recent publicly available medical licensing data
were used to identify the number of practicing pediatric
surgeons with an active license. Pediatric surgeons were
defined by country-specific certification as specialist pedi-
atric surgeons.

Given most countries define pediatric care as care
delivered to patients less than 15 years old, each coun-
try’s population less than 15 years old was retrieved from
the World Bank [6, 9]. Additionally, the under 5-year old,
infant and neonatal mortality rates for each country were
obtained [6].

@ Springer

Outcomes and analysis

The primary outcome was each country’s respective PSWD,
calculated as the number of pediatric surgeons per 100,000
children less than 15 years old. Then for each income
bracket, the median PSWD and mean proportion of less
than 15-year-old population were determined. The under
5, infant, and neonatal mortality rates were converted to
survival rates (1—mortality rate) [9]. Next, the logarithmic
under 5, infant and neonatal survival rates were plotted as a
function of PSWD [7]. Spearman’s correlation coefficients
were then used to assess the strength of correlation for each
survival rate, using an alpha level of 0.05 to determine sig-
nificance. Finally, following the LCoGS’s methodology,
piecewise linear regression models were used to determine
the critical PSWD threshold, or inflection point, at which
there was a significant increase in survival [7].

Results

A convenience sample of 26 countries was identified: four
LIC, eight L-MIC, ten UMIC and four HIC countries, com-
prising 420,764,643 children (Table 1). The mean proportion
of the population less than 15 years old decreased with rise
in World Bank income bracket, with 42.8% for LICs, 38.2%
for L-MICs, 21.6% for UMICs, and 18.7% for HICs. In LIC
countries, the PSWD ranged from 0.02 to 0.24, median 0.03.
For L-MICs, the PSWD ranged from 0.03 to 0.36, median
0.12. For UMICs, the PSWD ranged from 0.27 to 7.14,
median 1.34. Finally, in HICs, the PSWD ranged from 1.15
to 3.60, median 2.13.

PSWD correlation with pediatric-specific mortality
rates

For under 5-years old, infant, and neonatal mortality rates,
there was an observed positive correlation between survival
rates and PSWD. Countries with higher PSWD demon-
strated improved survival rates for each age group (Fig. 1).
Furthermore, each survival rate strongly correlated with
PSWD: under 5-years old (0.83, p <0.001), infant (0.82,
p<0.001) and neonatal (0.78, p <0.003) (Table 2).

A critical threshold of 0.37 PSWD correlated with sig-
nificant increases in survival, beyond which gains were
observed, but the gradient of the curve was flatter (Fig. 1,
Table 2). All four LICs, all eight L-MICs and one UMIC
were below the critical threshold of 0.37 PSWD. The LIC
and L-MICs also reported a higher proportion of their
populations aged less than 15 years old (42.8% and 38.2%,
respectively). Combined, the number of children in countries
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Table 1 (continued)
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1 1.15245545 2.13

992 995

990

10 18.7%

0.9

86,771

385,650 0.225

HIC

Bahamas

For each income bracket, the mean proportion of the population< 15 years old and the median PSWD were calculated. LIC low-income country, L-MIC low-middle income country, UMIC

upper-middle income country, HIC high-income country, Yo years old, PSWD pediatric surgical workforce density

with PSWD less than 0.37 was 332,365,760. Currently, the
13 countries below the 0.37 PSWD threshold have a mean
PSWD of 0.12 and a total of 583 pediatric surgeons, with
two LICs having only one pediatric surgeon. Therefore, to
reach a PSWD of 0.37, there would need to be an additional
1215 pediatric surgeons across the 13 countries included in
this study.

Discussion

To our knowledge, this is the first study examining the cor-
relation between PSWD and pediatric-specific mortality
rates across a diverse sample of countries. Similar to the
LCoGS’s findings of maternal mortality correlating with
surgical workforce density, PSWD has a strong correlation
with pediatric-specific population-level mortality rates. A
critical threshold of PSWD 0.37 per 100,000 children was
associated with significant improvements in survival.

Although there are many non-surgical causes of mater-
nal mortality, its strong correlation with surgical workforce
density has created a benchmark for countries to target
in increasing their specialist providers [7]. Through local
tracking of the surgical workforce, countries can assess
the impact of migration, retirement, geographic distribu-
tion, number of training positions and graduate retention on
their surgical workforce density. Similarly, though there are
many non-surgical causes of pediatric mortality, our results
demonstrated the PSWD strongly correlated with neonatal,
infant, and under 5 mortality. Rocha and colleagues also
demonstrated that areas of increased surgical workforce den-
sity correlated with reduced childhood mortality, though the
analysis was not specific to PSWD and was limited to Brazil
only [11].

Correlating surgical workforce density with popula-
tion-level mortality rates allows for establishing a critical
threshold of workforce density associated with significant
improvements in survival. In fact, the LCoGS identified
a critical threshold of 20 surgeons, anesthesiologists, and
obstetricians per 100,000 people is associated with signifi-
cant increases in maternal survival, which has subsequently
served as a benchmark for tracking progress toward global
surgical access and a target for countries when developing
national health strategies [12, 13]. Although studies have
described the significant variability in pediatric surgeons
around the world and the critical role they play in pediatric
care, there are no previous studies of the specific PSWD
threshold associated with improvements in childhood sur-
vival. Instead of using pediatric population-level mortality
rates, Hamad and colleagues examined the threshold associ-
ated with improved surgical outcomes and found a PSWD of
0.4 per 100,000 children correlated with significant improve-
ments in survival for children with gastroschisis, esophageal
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Fig.1 Child<5 years old (A), infant (B) and neonatal (C) survival rates plotted as a function of PSWD. PSWD pediatric surgical workforce

density

Table 2 Spearman’s calculation

. Neonatal Infant Child<5
demonstrating the strength of
correlation between neonatal, Spearman correlation coefficient 0.78 (p<0.001) 0.82 (p<0.001) 0.83 (p<0.001)
infant and under 5-year-old ...
Critical PSWD threshold (per 100,000  0.37 0.37 0.37

survival rates with PSWD children)

The critical PSWD threshold that correlated with significant gains in survival for each mortality curve is

also displayed

atresia, intestinal atresia and typhoid perforation [9]. The
authors argued this PSWD of 0.4 established a novel bench-
mark for the scale-up of the pediatric surgical workforce [9].
In comparing PSWD with pediatric population-level mortal-
ity rates, we demonstrated a PSWD of 0.37 correlated with
significant improvements in childhood survival. Therefore,
a PSWD of 0.37-0.4 per 100,000 children is associated with
not only improved outcomes for surgical conditions, but also
increased pediatric survival across the population [9]. This
PSWD threshold could serve as a goal/metric in national sur-
gical, obstetric and anesthetic planning (NSOAP), where a
diverse group of medical and government stakeholders work
to identify a country’s urgent health needs and strategically
allocate resources accordingly [7, 8].

Unfortunately, all LMICs (and one UMIC) sampled were
below the critical threshold PSWD of 0.37, representing 332

million children with inadequate access to surgical care.
This PSWD deficit is especially critical in LMICs, where a
greater proportion of the population is less than 15 years old
and there are higher birth rates, with a greater prevalence of
complex, congenital conditions [13, 14]. Thus, many chil-
dren will continue to die from treatable conditions if this
deficit is not addressed. Additionally, pediatric patients often
require specialized anesthesia care; thus, its availability
may be a rate-limiting step to providing surgical care, even
with available surgical providers [15]. Currently, efforts are
underway to increase the PSWD through targeted training
programs such as the collaboration between the College of
Surgeons of East, Central, and South Africa (COSECSA),
the West African College of Surgeons (WACS), and Kid-
sOR—a charitable organization working to build surgical
infrastructure in LMICs [16, 17]. These programs aim to

@ Springer
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support the development of 120 centers of excellence in
pediatric surgical care across Africa, including training
pediatric surgeons, anesthesiologists, nurses, and surgical
technicians and providing high quality, pediatric-specific
operating theatres [18].

Additional strategies have included task shifting to other
surgeons, physicians or surgical technicians, when appropri-
ate [15, 17]. A common practice in most countries, general
surgeons frequently provide non-complex pediatric surgi-
cal care with equivalent outcomes; and while they are not a
substitute for pediatric surgeons for complex and congenital
conditions, they provide critical and timely surgical care,
especially in rural regions [19]. The Global Initiative for
Children’s Surgery outlined the optimal resources, infra-
structure and personnel needed to provide pediatric surgi-
cal care specific to each condition [16, 18]. Initiatives to
provide training for local providers at district hospitals, who
are often the first point of contact for children with surgi-
cal problems, have been successfully implemented around
the globe. For example, trauma training for non-specialist
providers in low-resource settings in sub-Saharan Africa
demonstrated significant improvements in knowledge and
clinical confidence [16]. Meanwhile, in India, successful
training and support initiatives were implemented to instruct
rural providers on basic perioperative pediatric orthopedic,
general surgery and anesthesia care [20]. Many LMICs have
also demonstrated success in increasing surgical volume and
access through training surgical technicians to independently
perform basic surgical procedures, maintaining high-quality
outcomes with faster and less costly training than specialist
surgeons, though no studies exist on whether this is appli-
cable to pediatric surgical conditions [9, 21]. While this
strategy does not eliminate the need for pediatric surgeons
for complex and congenital conditions, it may increase sur-
gical accessibility for children with basic surgical needs
and provide relief to an overburdened and limited pediatric
surgical workforce. Whether through these existing efforts
or emerging initiatives, there is an urgent need to increase
the pediatric surgical workforce to meet the United Nations’
SDG 3.2, to significantly reduce childhood mortality [5, 8].

While this study offers a novel assessment of the correla-
tion between PSWD and pediatric population-level mortality
rates, there are some notable limitations. First, the sample
was limited to 26 countries that provide publicly available
and subspecialty-specific licensing data. Although the sam-
ple was geographically and economically diverse, this sam-
ple may not be representative of the PSWD in other coun-
tries with similar resources. Second, in some countries, we
were unable to determine if providers practice year-round
in country or are retired; however, the majority of coun-
tries provide annual information on whether the license is
active, suggesting the number of retired surgeons inadvert-
ently included was very low. Third, many other providers

@ Springer

besides pediatric surgeons provide surgical care to children,
including general surgeons, other specialist surgeons (neuro-
surgeons, orthopedic surgeons, urologists, plastic surgeons,
etc.) and other physicians or surgical technicians. Using
licensing data alone, one cannot determine the number of
non-surgical physicians or other providers who deliver surgi-
cal care in a given country. While these providers do provide
important care, our focus was on pediatric surgeons specifi-
cally, as they are critical to providing comprehensive care
for complex and congenital conditions. Finally, this study
was limited to a retrospective analysis; a prospective study
would be more useful to clearly identify the number of cur-
rently practicing pediatric surgeons in each country and the
impact of unforeseen circumstances, such as the added stress
from canceled surgeries during the COVID-19 pandemic to
already overburdened health systems in LMICs.

Future analyses should increase the sample size of
countries analyzed and prospectively assess the impact of
interventions to increase the PSWD in LMICs. Addition-
ally, research is needed to assess the correlation of pediatric
population-level mortality rates with pediatric anesthesia
workforce density, as they are critical to providing success-
ful surgical care for children. Finally, it will be important
to prospectively assess the impact of increased PSWD in
LMICs on surgical volume, surgical outcomes and overall
childhood survival. PSWD is only one indicator of surgical
access and is almost certainly an indirect representation of
other resources, infrastructure, and specialists needed for
comprehensive pediatric care such as intensive care, anes-
thesiology, nursing and advanced nutritional support. Nev-
ertheless, pediatric surgeons remain an essential component
of a functional health system and PSWD can serve as a target
for national health planning.

Conclusion

PSWD correlates with population mortality rates for neo-
nates, infants and children under 5 years’ old, with a criti-
cal threshold of 0.37 PSWD associated with a significant
increase in survival. These novel findings suggest the current
PSWD in LMICs, where a greater proportion of the popula-
tion is less than 15 years old, have a higher birth rate, and
have a greater prevalence of complex and congenital surgical
conditions, is inadequate to meet the UN SDG 3.2 for infant
and under 5 mortality. To improve the overall survival of
children globally, further efforts are needed to increase the
training and retention of pediatric surgeons in LMICs and
to expand the associated health workforce, infrastructure,
and services needed to care for infants and children with
surgical conditions.
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